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Abstract 
Conservation area has diverse biodiversity in term of ecosystem, species and genetic variability. Forest and land fire is one of the 
problems that occur in conservation areas. Forest and land fire incidents occurred almost every year in Alas Purwo National Park. 
The most extensive forest fires occurred in 2014, affecting area of about 189.43 ha. Geographic Information System (GIS) is one 
tool that can be used to assess the vulnerability of Alas Purwo National Park to forest and land fire. The purpose of this study was 
to develop a forest and land fire vulnerability map of Alas Purwo National Park on the basis of spatial-based variables. Variables 
being used in mapping vulnerability to forest fire in APNP (Alas Purwo National Park) were distance from road, distance from 
village, surface temperature, slope, NDVI, and NDMI. The mapping used weighing factor for each variable being used. Weighing 
factor of fire vulnerability is 18*Distance from road + 18*Distance from village + 13*Land cover + 18*Surface temperature + 
12*NDVI + 14*NDMI + 7*Slope. Vulnerability to forest fire in APNP was divided into four levels, namely low vulnerability on 
area size of 1 605.31 ha, moderate vulnerability on area size of 33 564.68 ha, high vulnerability on area size of 4 969.84 ha, and 
very high vulnerability on area size of 1.12 ha. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Conservation area possesses various types of ecosystem, with various types of habitat. Biodiversity is stored in 
conservation area. National park is a nature conservation area which possesses natural ecosystem, managed by 
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zonation system, and being utilized for the purposes of science and knowledge development, education, cultural 
development, tourism and recreation [1]. Alas Purwo National Park has high biodiversity, so that it needs to be 
safeguarded for the sake of sustainability. 
Forest fire is one of the problems occurring in conservation area. The fires could occur naturally or created by 
human. Fire potency could increase progressively due to global warming. Forest fire could results in loss of 
biodiversity because the fire could eliminate one ecosystem in a particular site. Factor of activities of local people 
around the forest which had significant impact and positive correlation with forest and land fire incidence was people’s 
activity inside the forest territory [2]. Booyanuphap [3] explained that factors of human settlement, road network, river 
network, and land use are also influential for determining the risk of forest and land fire. Arianti [4] explained further 
that in the event of forest and land fire, human factor was dominant than that biophysical factor such as NDVI, NDMI, 
land cover and rainfall. 
Every year, Alas Purwo National Park (APNP) undergoes forest fire. Forest fires occur from September through 
November. The most widespread forest fire occurred in the year 2014. For safeguarding one conservation area from 
fire threat which could reduce the biodiversity, there is a need for forest fire prevention. Geographic Information 
System is one of the tools to be used for learning the vulnerability of APNP area to fire. The objective of this research 
is to develop a forest and land fire vulnerability map in APNP and identify the role of spatial-based variables used. 
2. Method 
Data collection of this research was in the form of field measurement /observation, and interpretation from maps. 
Data which were collected through field observation (ground check) were land cover and location of fire. Data which 
were collected through interpretation from maps were temperature, distance from villages and road network, 
Normalized Difference Vegetation Index (NDVI), and Normalized Difference Moisture Index (NDMI). 
Land cover classification is obtained through the processing of Landsat 8 OLI/TIRS (path/rows 117/066, acquisition 
date on 5 Mei 2014) with the supervised classification methods, the maximum likelihood technique. Map slope created 
from SRTM data obtained using ArcGIS 9.3 software and the distance from road and the village is made of a digital 
map of the road network and the village Euclidean distance analyzed using tools of ArcGIS 9.3 software. Formula to 
calculate NDVI is: 
 
NDVI = NIR - Red
NIR + Red
  (1) 
Where NIR is reflectance of near infrared canal, Red is reflectance of visible light canal. 
NDMI resulting from the normalization of band 4 and band 5 on Landsat 7 [5]. Formula for calculating NDMI is : 
 
NDMI = NIR - SWIR1
NIR + SWIR1
  (2) 
Where NIR is reflectance of near infrared canal, SWIR1 is reflectance of short infrared canal. 
The following formula is used to convert the digital value into value radiance: 
 
LȜ= ቀ LMAX(i) - LMIN(i)
QCalMAX - QCalMIN 
ቁ  × ሺQCal - QCalMINሻ+LMIN(i) (3)
 
Where LȜ is spectral radiation received any pixels analyzed, Qcal is digital number, LMIN(i) is radiation spectral 
minimum, LMAX(i) is radiation spectral maximum, QCalMIN is pixel value minimum, QCalMAX is pixel value 
maximum. 
Prakash et al. [6] proposed the formulation to convert pixel values into kinetic temperature value through the 
following formula: 
 
TR= K2
ln൬K1LȜ
+1൰
  (4) 
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Where TR is radiance temperature (K), K2 is calibration constants 2, K1 is calibration constants 1, LȜ is spectral 
radiation received any pixels analyzed.  
Human factor in the field was represented spatially with existence of access, such as distance from village center 
and road network. On the other hand, those of natural factors were land cover, Normalized Vegetation Index/NDVI, 
and Normalized Difference Moisture Index/NDMI which were obtained from processing of Landsat imagery. Spatial 
data in the form of raster were used in map of land uses by using Landsat Imagery OLI/TIRS. The data in the form of 
raster were processed by using software Erdas Imagine 9.1. Arianti [4] used the average value of important index from 
expert assessment which is rainfall, land cover, temperature, humidity, index of vegetation density, water content index 
of vegetation, distance from road, distance from river, distance from road and type of land use. Some variables were 
not included because of different conditions such as river in Borneo used to activity but in Java is very rare. According 
to Arianti [4], equation in GIS to determine fire vulnerability: 
 
	 ൌ ሺͳͺ כ  ൅ ͳͺ כ  ൅ ͳ͵ כ  ൅ ͳͺ כ
 ൅ ͳʹ כ  ൅ ͳͶ כ  ൅ ͹ כ ሻሺ݉݋݂݀݅݅݁݀ሻ                                                            (5)
 
Score of overlay results are divided into four classes of vulnerability fire is low, moderate, high, and very high. No 
Data class added in this vulnerability class because there are cloud, cloud shade and water. To get the value of interval 
is used the following equation: 
 
݅݊ݐ݁ݎݒ݈ܽ ൌ  ௌ௠௔௞௦ିௌ௠௜௡
௄
 (6) 
Where Smax is higher score, Smin is lower score, K is the amount of class. Total score of the final with a score interval 
determination can be seen as follows: 
 
low vulnerability   : 100 < x  200 
moderate vulnerability  : 200 < x  300 
high vulnerability   : 300 < x  400 
very high vulnerability  : 400 < x  500 
 
To get the value of the validity use the following equation: 
 
Validation = n
N
ൈ 100% (7) 
Where n is the number of fires in the classroom and N is the total number of fires. 
 
3. Results and discussion 
3.1 Fire incidence 
Fire incidents occurred nearly every year in APNP. The most widespread fire occurred in the year 2014, as large 
as 189.43 ha with 15 reports of fire incidents. In the year 2009, there were three incidents of fire with area size of 
24.56 ha. In the year 2010, there were no fires at all. In the year 2011 there were 12 fire incidents with area size of 
171.92 ha. In the year 2012, there were 16 fire incidents with area size of 119.50 ha. In the year 2013 there were two 
fire incidents with area size of 4.15 ha. In the year 2014, there were 15 fire incidents with area size of 189.43 ha. Fire 
incidents in APNP occurred in July - November. The fire data are presented in Fig. 1. 
 
293 Abdul Mukti et al. /  Procedia Environmental Sciences  33 ( 2016 )  290 – 304 
 
Fig. 1. Fire data in Alas Purwo National Park. 
Every year, the greatest number of fire incidents occurred in July. One of the variables of susceptibility to fire is 
the low rainfall. According to data from BMKG, rainfall in July, in Banyuwangi, in the year 2009 – 2013 were 61 
mm, 98 mm, 42 mm, 36 mm, and 156 mm. Syaufina [7] explained that nearly all cases of national fire occurred in dry 
season. The fire occurred usually between August and September. Generally, forest fire occurred in dry month with 
rainfall < 60 mm. 
Type of fire occurring in APNP is that of surface fire. Surface fire occurs at ground surface and burn only litter, 
bushes and tree seedlings. This type of fire does not burn tree crown, so that it still tends to be easily controlled. 
However, if the wind blows strongly, it is possible that surface fire could spread upward causing crown fire [8]. 
Surface fire, if not extinguished soon enough, could turn into crown fire if wind condition support the spread. 
3.2 Variable of vulnerability to fire 
x Rainfall 
Climate and rainfall are not the main causes of forest fire, but they affect the total amount of available fuel, 
stimulate long duration fire, moisture content and flammability of dead biomass fuel, and affect the ignition and 
spread of forest fire [9]. Rainfall is the climatic factor which plays an important role in fire occurrence because it 
affects flammability of fuel. Data of Banyuwangi rainfall in year 2009 – 2013 are presented in Fig. 2. 
In Banyuwangi area, the highest annual rainfall between periods of year 2009 – 2011 was 1915 mm in the year 
2010. In the same year, fire did not occur in APNP. In the year 2011, rainfall in Banyuwangi was 1 099 mm. In 
this year, fire occurred with fairly extensive area, namely 171.92 ha. Fire in APNP correlated positively with 
rainfall condition in this area. Time of forest fire is usually related with rainfall pattern. Rainfall of less than 60 
mm on the basis of Schmidt and Fergusson is categorized as dry month [11]. Research results by Syaufina [7] 
showed that area size and frequency of fire in teak forest in Central Java was closely related with climatic factor, 
especially rainfall. The greatest area size and frequency of fire occurred in months with low rainfall (less than 60 
mm), and in those periods there were intensive drying and desiccation of fuel. 
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Fig. 2. Rainfall in Banyuwangi. 
x Distance from road 
APNP has main roads which can be passed through by four wheeled vehicles. APNP has access road to the inside 
of the territory, for the people. Classes of road distances could be seen in Table 1. 
Table 1. Area size and proportion of area on the basis of distance from road. 
No Distance (m) Area size (ha) Proportion (%) Fire incidensy 
1 Distance < 500  5 326.86 12.09 28 
2 500  distance <1 000  3 030.31 6.88 3 
3 1 000  distance < 1 500  2 306.27 5.23 2 
4 1 500  distance < 2 000  1 934.43 4.39 0 
5 distance  2 000  31 475.95 71.42 0 
 
Area size of territory with distance of more than 2 000 m to road, possessed the highest percentage, namely 71.42%. 
This indicates that most of the APNP areas were far from the road. Areas with distance of more than 2 000 m had 
the least score. Areas with the greatest score, namely areas with distance of less than 500 m from road, had the 
size of 12.09% of APNP territory area size. Size of areas which are situated near the road is not too large, but are 
very vulnerable to fire. Location of fire incidents in APNP was not far from access road in the territory. Fire 
incidents in the year 2014 were on the average at 289 m distance from road. This phenomenon was in agreement 
with explanation of Sahardjo [8] which stated that 99% of fire occurred due to human factors. In relation with 
distance from road, fire locations in year 2014 were within distance range of 0 – 1 106.49 m from road. As large 
as 85.29 % of fire data (incidents) in the year 2014 occurred at distance of less than 500 m from road. Map of 
distance from road is presented in Fig. 3. 
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Fig. 3. Map of distance from road in Alas Purwo National Park. 
x Distance from village 
Village center constitutes a center of people’s activity. APNP is surrounded by 11 buffer villages from three sub-
districts. Distance classes of APNP territory to village centers are presented in Table 2. 
Table 2. Area size and proportion of area categorized by distance from village center. 
No Distance from village center (m) Area size (ha) Proportion (%) Fire incidensy 
1 Distance < 1 000  171.37 0.39 11 
3 1 000  distance < 2 000  802.61 1.82 10 
4 2 000  distance < 3 000  1 345.28 3.05 7 
5 3 000  distance < 4 000  1 842.15 4.18 0 
2 distance  4 000  39 912.15 90.56 5 
 
Area size of territory with distance of more than 4000 m to village, acquired the greatest proportion, namely 
90.56%. This indicates that most territory of APNP was far from the surrounding villages. Territory with distance 
of more than 4000 m acquired the least score. Territory with the greatest score, was that which had distance of less 
than 1000 m to village and had area size of 0.39% of the APNP territory. Fire incidents in the year 2014 were on 
the average at 2 028.52 m distance from village. In relation with distance from village, fire locations in year 2014 
were in the range of 722.59 – 6290.59 m distance from village. The largest number of fire points occurred at 
distance of less than 1 000 m from village with proportion of 33.33% of the whole fire points in the year 2004. At 
distance of more than 4 000 m from village, there were fire points as many as 15.15%. This was because the area 
of fire points were affected by other variables, such as distance from road. At distance between 3 000 m and 4000 
m, there were no fire points in the year 2014. Map of distance from village is presented in Fig. 4. 
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Fig. 4. Map of distance from village in Alas Purwo National Park. 
x Slope 
Slope of the terrain is one of the variables for land and forest fire. The steeper the terrain of an area, the more rapid 
would be the spread of fire in the area. The degree of slope and elevation of an area above sea level affect the 
speed of fire reaction, through their influence on spread and speed of burning. On steep slope, fire burns and 
eliminate vegetation being passed through, more rapidly when ascending the slope. On the other hand, fire which 
spread downhill, will be extinguished if passing humid area with high moisture content [11]. Slope classes in 
APNP areas are presented in Table 3. 
Table 3. Size and proportion of area on the basis of slope classes in APNP territory. 
No Slope classes Area size (ha) Proportion (%) Fire incidensy 
1 Slope <8% 22 050.29 50.01 29 
2 8%  Slope < 15% 12 869.56 29.19 2 
3 15%  Slope < 25% 7 639.43 17.33 1 
4 25%  Slope < 40% 1 499.50 3.4 1 
5 Slope  40% 34.7 0.08 0 
 
 
Slope class with the greatest area size, namely slope class 0 – 8% possessed percentage of area size of 50 % of the 
territory. As large as 87.87% of fire points occurred at areas with slope < 8% and 12.1% occurred at slope of 8 – 
40%. Slope does not affect the fire directly, but the slope affect speed of fire spread during the fire. The higher, 
the degree of the slope, the more rapid would be the fire spread. The steep slope would allow the occurrence of 
large fire tongue which can accelerate the drying of fuel. Map of slope is presented in Fig. 5. 
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Fig. 5. Map of slope in Alas Purwo National Park. 
x Normalized differential vegetation indexed (NDVI) 
On the basis of processing of Landsat imagery OLI/TIRS on 5 May 2014, the values of Normalized Differential 
Vegetation Indexed (NDVI) of APNP were in the range of -0.26 – 0.64. The values of NDVI constitute an 
indication of vegetation greenness level (VGL) which could be used as parameter of drought condition. Condition 
of low VGL could further results in fire incident [12]. The lower the value of VGL of an area, the greater would 
be the tendency of the area to be ignited by fire. Vegetation greenness level is inversely proportional with 
temperature and linearly proportional with humidity. Areas with high temperature and low humidity possess great 
potential to undergo fire. Therefore, areas which possess low VGL tend to have greater chance to undergo fire. 
Classes of NDVI in APNP are presented in Table 4. 
Table 4. Area size and proportion of the area, categorized by NDVI. 
No NDVI Area size (ha) Proportion (%) Fire incidensy 
1 NDVI < 0.36 950.49 2.15 0 
2 0.36  NDVI < 0.43 2 857.69 6.47 6 
3 0.43  NDVI < 0.50 21 273.67 48.14 20 
4 0.50  NDVI < 0.57 13 972.99 31.62 1 
5 NDVI  0.57 1 068.23 2.42 0 
6 No available data 4 067.03 9.20 6 
 
Distribution of NDVI values show that the greatest proportion in terms of area size was found for NDVI values 
with range of 0.43 – 0.50 with area size of 48.14% of the total territory. This range of NDVI values exhibited 
moderate score in vulnerability assessment to fire. Areas with very high score assessment, with NDVI < 0.36 
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possessed the least area size, namely 2.15% of the total territory. On the basis of data processing results, fire 
location points in the year 2014 exhibited NDVI values between 0.14 – 0.52, with average NDVI of 0.44. As many 
as 60.60 % of fire points in year 2014 were located in areas with NDVI values in the range of 0.43 – 0.50. On the 
basis of NDVI values at fire points of year 2014, areas with values NDVI < 0.57 possessed great potential to 
undergo fire. Fire potency would be even greater if the area were situated in areas with NDVI < 0.57 and also 
situated in the west or areas which were near to road and village. Results of imagery processing show that most of 
APNP territory possessed NDVI < 0.57. This indicates that fire potency in APNP territory is great. Map of NDVI 
is presented in Fig. 6. 
Fig. 6. Map of NDVI in Alas Purwo National Park. 
x Normalized difference moisture index (NDMI) 
On the basis of processing results of Landsat imagery OLI/TIRS on 5 May 2014, the values of Normalized 
Difference Moisture Index (NDMI) in APNP were in the range of -0.15 – 0.47. Variable of NDMI constitutes one 
the vegetation indexes, besides NDVI, which are generally used for learning the humidity of vegetation / surface 
of land cover [13]. Index of vegetation moisture content is related with fuel condition which affects the rate of 
energy release during ignition process in land and forest fire. The lower the value of NDMI in a particular area, 
the lower would be the moisture content of the area. Areas with small values of NDMI would exhibit the greater 
chance of being burnt. Classes of NDMI in APNP areas are presented in Table 5. 
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Table 5. Area size and proportion of the area, categorized by NDMI. 
No NDMI Area size (ha) Proportion (%) Fire incidensy 
1 NDMI < 0.25 1 717.42 3.89 8 
2 0.25  NDMI < 0.30 18 852.07 42.66 12 
3 0.30  NDMI < 0.35 18 163.13 41.10 5 
4 0.35  NDMI < 0.40 1 141.84 2.58 0 
5 NDMI  0.40 247.73 0.56 0 
6 No available data 4 067.03 9.20 8 
 
Range of NDMI 0.25 – 0.3 was on areas with the greatest proportion, namely 42.66% of the total territory of 
APNP. Areas which had no values of NDMI were those which were covered by cloud or shade of cloud, or water 
bodies existing in APNP. Values of NDMI in fire points of year 2014 from Landsat imagery OLI/TIRS on 5 May 
2014 ranged between 0.14 – 0.35 with average values of NDMI of 0.25. As many as 36.36 % of fire points in year 
2014 occurred at area with NDMI values with range of 0.25 – 0.30. On the basis of NDMI values at fire points 2014, 
areas with NDMI values < 0.35 possessed great potency to have fire. Fire potency would become even greater if areas 
with NDMI < 0.35 occurred at areas in the west or with close distance from road and village. Results of imagery 
processing show that most areas of APNP possessed NDMI values < 0.35. This shows that fire potency in APNP is 
great. Map of NDMI is presented in Fig. 7. 
 
Fig. 7. Map of NDMI in Alas Purwo National Park. 
x Surface temperature 
On the basis of processing results of Landsat imagery OLI/TIRS on 5 May 2014 values of surface temperature of 
APNP ranged between 16.37 – 31.45°C. Temperature classes in APNP areas are presented in Table 6. 
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Table 6. Size and proportion of areas in APNP categorized by surface temperature. 
No temperature (oC) Area size (ha) Proportion (%) Fire incidensy 
1 temperature < 20 2.12 0.01 0 
2 20  temperature < 22 96.96 0.22 0 
3 22  temperature < 24 27 398.32 61.98 11 
4 24  temperature < 26 12 560.21 28.42 16 
5 temperature  26 71.07 0.16 0 
6 No data 4067.03 9.20 6 
 
Areas with temperature interval of 22 – 24°C occupied the greatest area size, namely 61.98% of the total area size 
of APNP territory. Areas which had no data are those which are covered with cloud and its shade, or water bodies 
existing in APNP. Temperature at fire points of year 2014 from Landsat imagery OLI/TIRS on 5 May 2014 ranged 
between 22.56 – 24.73°C with average temperature of 24.01°C. On the basis of temperature values at fire points of 
2014, it could be suggested that areas with temperature interval of 22 – 26°C exhibited large potential for fire. Syaufina 
[7] explained that nearly all cases of national fire incidents occurred during dry season. Usually fire incidents occurred 
in the period between of August and September. In terms of time of day, the most sensitive period is between 12.00 – 
15.00 hours and between 09.00 – 12.00 hours. Generally, forest fire occurs at dry months with rainfall < 60 mm, and 
temperature range of 26 – 30°C. The highest frequency of incidents occurred at temperature of 28°C and relative 
humidity of between 60 – 70%. Fire potency would become even greater if areas with temperature interval of 22 – 
26°C were situated in the west region or with close proximity to road and village. Based on imagery processing results, 
most areas of APNP exhibited temperature range of 22 – 26°C. This shows that potency of fire in APNP is great. Map 
of surface temperature is presented in Fig. 8. 
 
 
Fig. 8. Map of surface temperature in Alas Purwo National Park. 
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x Land cover 
Based on processing results of landsat imagery OLI/TIRS on 5 May 2014, land cover in APNP was highly variable, 
comprising lowland forest, bamboo vegetation, coastal forest, savanna, plantation forest, and mangrove. Area size 
of each land covers are presented in Table 7. Accuracy of APNP land cover classification was 90.26%. Accuracy 
of > 80% shows that land cover information resulting from guided classification could be used. 
Table 7. Area size and proportion of various types of land cover in APNP. 
No Land cover  Area size (ha) Proportion (%) Fire incidensy 
1 Lowland forest 27863.69 62.87 3 
2 Bamboo vegetation  8730.35 19.70 0 
3 Mangrove 651.09 1.47 0 
4 Coastal forest  506.47 1.14 0 
5 Plantation forest  2 442.25 5.14 25 
6 Savanna 60.18 0.14 0 
7 Water bodies 614.60 1.39 0 
8 No available data (cloud & its shade ) 775.36 7.79 6 
 
APNP territory is dominated by lowland forest with moderate score in the weighing of vulnerability to fire. In the 
fire incident of year 2014, in this land cover, there were three points of fire. Other land cover was bamboo vegetation 
which was distributed uniformly in the whole territory and there were no fire incidents in this land cover. Land cover 
with the least area size was savanna, which was 0.14% of the total area size of the territory. Savanna is a land cover 
which possesses very high score in weighing for fire vulnerability. Map of land cover is presented in Fig. 9. 
 
 
Fig. 9. Map of land cover in Alas Purwo National Park. 
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3.3 Map of fire vulnerability 
Based on weighing results of each parameter, zonation of fire vulnerability was divided into four levels, namely: 
very high, high, moderate, and low. Zonation of fire vulnerability could be seen in Table 8. 
Table 8. Area size and proportion of fire vulnerability in APNP. 
No Zonation of fire vulnerability Area size (ha) Proportion (%) 
1 Low vulnerability 1 605.31 3.62 
2 Moderate vulnerability 33 564.68 75.70 
3 High vulnerability 4 969.84 11.21 
4 Very high vulnerability 1.12 0.01 
5 No data 4 195.49 9.46 
 
Zone of moderate fire vulnerability had the largest area size with percentage of 75.70% of the APNP territory. Very 
high level fire vulnerability had the least area size, namely 1.12 ha or 0.01% of the total territory. Areas with high 
level of fire vulnerability were those which were near with road and village. The phenomenon was caused by human 
factor which influence very much the fire incidence. In Fig. 10, it could be seen that areas with high and very high 
level of fire vulnerability were situated in the western region of the APNP. Western region of APNP constituted the 
areas which were near to human activities. Eastern region of APNP constituted the areas with low and moderate level 
of fire vulnerability. Eastern region of APNP borders with sea. Human factor in this region was not as large as in the 
western region. Land cover types in this level were savanna, plantation forest, coastal forest, lowland forest and 
bamboo vegetation. Areas which had no fire data were those which were covered by cloud and its shade, and water 
bodies existing in APNP.  
 
 
Fig. 10. Map of fire vulnerability in Alas Purwo National Park. 
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3.4 Proportion of variable in each level of vulnerability to fire 
Variables of fire vulnerability being used in mapping were overlaid with map of fire vulnerability which had been 
made. Each variable had area size and proportion within each particular level of fire vulnerability in APNP. In the 
class of very high vulnerability to fire, the class with the greatest proportion for each variable were as follows: for 
distance from village was < 1 000 m, for distance from road was < 500 m, for NDMI was the range of 0.30 – 0.35, for 
NDVI was the range of 0.36 – 0.43, for temperature was the range of 24 – 26°C, for land cover was plantation forest, 
and for slope was the range of 0 – 8%. In the class of high vulnerability to fire, the class with the greatest proportion 
for each variable were as follows: for distance from village was the range of 1 000 – 2 000 m, for distance from road 
was < 500 m, for NDMI was the range of 0.30 – 0.35, for NDVI was the range of 0.43 – 0.50, for temperature was the 
range of 24 – 26°C, for land cover was plantation forest and for slope was the range of 0 – 8%. 
In the class of moderate vulnerability to fire, the class with the greatest proportion for each variable were as follows: 
for distance from village was > 4 000 m, for distance from road was > 2 000 m, for NDMI was the range of 0.35 – 
0.40, for NDVI was the range of 0.43 – 0.50, for temperature was the range of 22 – 24°C, for land cover was lowland 
forest, and for slope was the range of 0 – 8%. In the class of low vulnerability to fire, the class with the greatest 
proportion for each variable were as follows: for distance from village was > 4 000 m, for distance from road was > 2 
000 m, for NDMI was the range of 0.35 – 0.40, for NDVI was the range of 0.50 – 0.57, for temperature was the range 
of 22 – 24°C, for land cover was lowland forest, and for slope was the range of 0 – 8%. 
3.5 Validation of model 
The constructed model has been able to estimate fire points as large as 84.37% at level of very high and high 
vulnerability to fire. As large as 15.63% of fire points enter the class of no available data. These phenomena constitute 
an initial insight that the constructed model has been sufficiently able to explain and describe the classes of fire 
vulnerability in the research area. 
4. Conclusion 
In the class of very high vulnerability to fire, the class with the greatest proportion for each variable were as follows: 
for distance from village was < 1 000 m, for distance from road was < 500 m, for NDMI was the range of 0.30 – 0.35, 
for NDVI was the range of 0.36 – 0.43, for temperature was the range of 24 – 26°C, for land cover was plantation 
forest, and for slope was the range of 0 – 8%. In the class of high vulnerability to fire, the class with the greatest 
proportion for each variable were as follows: for distance from village was the range of 1 000 – 2 000 m, for distance 
from road was < 500 m, for NDMI was the range of 0.30 – 0.35, for NDVI was the range of 0.43 – 0.50, for temperature 
was the range of 24 – 26°C, for land cover was plantation forest and for slope was the range of 0 – 8%.. Fire 
vulnerability in APNP was divided into four levels, namely low level of vulnerability with area size of 1 605.31 ha, 
moderate level vulnerability with area size of 33 564.68 ha, high level of vulnerability with area size of 4 969.84 ha, 
and very high level of vulnerability with area size of 1.12 ha. The constructed model has been able to estimate fire 
points as large as 84.37% at level of very high and high vulnerability to fire. 
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